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(57) ABSTRACT 

An optical Waveguide device includes a substrate having an 
electro-optical effect, an optical Waveguide formed on the 
substrate, an electrode provided for the optical Waveguide, a 
monitoring optical Waveguide for guiding part of light 
outputted from the optical Waveguide as monitor light, an 
attenuation section provided for the monitoring optical 
Waveguide for attenuating the monitor light, and a light 
detection section for detecting the intensity of the monitor 
light guided by the monitoring optical Waveguide and 
attenuated by the attenuation section. 
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OPTICAL WAVEGUIDE DEVICE AND 
OPTICAL MODULATOR 

BACKGROUND OF THE INVENTION 

1) Field of the Invention 
This invention relates to an optical Waveguide device and 

an optical modulator for use With optical communication. 

2) Description of the Related Art 
In recent years, expectations on an optical modulator of 

the external modulation type (external modulator) have been 
and are increasing in order to realiZe a very high-speed and 
broadband optical communication netWork system. 

Particularly, in order to realiZe long haul transmission of 
a light signal, a Mach-Zehnder type (MZ) optical modulator 
(MZ type LN optical modulator) for Which LiNbO3 (lithium 
niobate; LN) is used and Which is excellent in a high-speed 
modulation characteristic and a dispersion resistance char 
acteristic in a broadband has been and is being developed. 

In the MZ type LN optical modulator, an operating point 
is ?uctuated by a temperature drift, a DC drift or the like, and 
therefore, a bias voltage is applied in order to compensate 
for the ?uctuation of the operating point. Generally, a 
monitoring PD (photo-detector, light detection section) is 
provided on the output side of an optical modulator to detect 
radiation mode light radiated from a branching portion of a 
Y-branch optical Waveguide on the output side of the MZ 
type optical Waveguide as monitor light, and feedback 
control for controlling the bias voltage based on the detected 
monitor light is performed. 

HoWever, Where the radiation mode light is used as the 
monitor light as described above, since the intensity of the 
radiation mode light is loW, it is necessary to use a high 
sensitivity PD as the monitoring PD for use for detection of 
the light intensity. Therefore, the degree of freedom in 
selection of a monitoring PD is loW. Also a process of a 
signal detected by the monitoring PD is limited. 

It is a possible idea to provide, for example, as shoWn in 
FIG. 18, a 3 dB directional coupler 111 on the output side of 
an MZ type optical Waveguide 110, connect a monitoring 
optical Waveguide 112 to one of ports on the output side of 
the 3 dB directional coupler 111 to detect the intensity of the 
monitor light guided through the monitoring optical 
Waveguide 112 and use the detected intensity for the feed 
back control of the bias voltage. 

HoWever, if the monitor light is extracted by such a 
method as described above, then the intensity of the monitor 
light is equal to the intensity of output light (signal light) as 
seen in FIG. 19. Consequently, there is the possibility that, 
if the intensity of the input light is high, then the intensity of 
the input light may be so high as the intensity of monitor 
light that the monitoring PD may be broken. 

Incidentally, an RZ (Return to Zero) optical modulator 
Which performs modulation With a clock signal and modu 
lation With a data signal using tWo stages of Mach-Zehnder 
type optical modulators coupled in series to produce an RZ 
signal has been proposed recently. 

In such an RZ optical modulator as described above, it is 
a possible idea to detect, for example, as shoWn in FIGS. 
20(A) and 20(B), only radiation mode light radiated from a 
branching portion of a Y-branch optical Waveguide 115 on 
the output side of an Mach-Zehnder type optical modulator 
114 provided on the latter stage from Within tWo stages of 
Mach-Zehnder type optical modulators 113 and 114 as 
monitor light by means of a monitor PD 116 and then 
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2 
perform bias control of both of the tWo-stages of the 
Mach-Zehnder type optical modulator 113 and 114 based on 
the detected light. 

HoWever, in such a method as described above, it is 
dif?cult to perform accurate bias control, and further, the 
control is complicated. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
optical Waveguide device and an optical modulator by Which 
the degree of freedom in selection of parts Which can be 
adopted for a light detection section is increased and monitor 
light can be detected accurately and reliably and besides 
monitor light of an intensity suitable for use for bias control 
can be obtained. 

It is another object of the present invention to provide an 
optical Waveguide device and an optical modulator by Which 
bias control can be performed readily and accurately. 

In order to attain the objects described above, according 
to an aspect of the present invention, there is provided an 
optical Waveguide device, comprising a substrate having an 
electro-optical effect, a plurality of Mach-Zehnder type or 
directional coupler type optical Waveguides formed in series 
on the substrate, a plurality of electrodes provided indepen 
dently of each other and individually for the plurality of 
optical Waveguides, and a plurality of light detection sec 
tions for detecting the intensity of light emitted from the 
plurality of optical Waveguides independently of each other. 

Preferably, the optical Waveguide device further com 
prises a plurality of Waveguide type couplers provided 
individually on the output side of the plurality of optical 
Waveguides, and a plurality of monitoring optical 
Waveguides each connected to one of ports of a correspond 
ing one of the plurality of Waveguide type couplers, the 
plurality of light detection sections detecting the intensity of 
the monitor light guided by corresponding ones of the 
monitoring optical Waveguides. 

Preferably, each of the Waveguide type couplers is a 3 dB 
coupler, and each of the monitoring optical Waveguides is 
connected to one of ports of a corresponding one of the 3 dB 
couplers. 

Also it is preferable that each of the Waveguide type 
couplers is a 1:N coupler, and each of the monitoring optical 
Waveguides is connected to one of ports of a corresponding 
one of the 1:N couplers. Particularly preferably, the 1:N 
coupler is a 1:10 coupler. 

Preferably, the optical Waveguide device further com 
prises one or a plurality of Waveguide type couplers pro 
vided on the output side of one of the plurality of optical 
Waveguides, one or a plurality of Y-branch optical 
Waveguides provided on the output side of the other or 
others of the plurality of optical Waveguides, and one or a 
plurality of monitoring optical Waveguides connected to one 
of ports of the Waveguide type coupler or couplers, one of 
the plurality of light detection sections detecting the inten 
sity of the monitor light guided by the corresponding moni 
toring optical Waveguide While the other light detection 
section or sections detect the intensity of radiated light 
radiated from a branch portion of the corresponding 
Y-branch optical Waveguide. 

Preferably, all of the plurality of optical Waveguides are 
Mach-Zehnder type optical Waveguides having a Y-branch 
optical Waveguide on the output side thereof, and the plu 
rality of light detection sections are arranged at positions 
displaced from each other in a thicknessWise direction on an 
output side end face of the substrate so that the intensity of 
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the radiated light radiated from the branch portion of the 
corresponding Y-branch optical Waveguide may be detected. 

Also it is preferable that one of the plurality of monitoring 
optical Waveguides is formed so as to extend to a side face 
of the substrate, and one of the plurality of light detection 
sections is provided on the side face of the substrate so that 
the light outputted from the one monitoring optical 
Waveguide may be detected. 

Preferably, the substrate is formed from lithium niobate. 
According to another aspect of the present invention, 

there is provided an optical modulator, comprising a sub 
strate having an electro-optical e?fect, ?rst and second 
Mach-Zehnder type optical Waveguides formed in series on 
the substrate, a ?rst signal electrode provided for the ?rst 
Mach-Zehnder type optical Waveguide for being supplied 
With a clock signal, a second signal electrode provided for 
the second Mach-Zehnder type optical Waveguide for being 
supplied With a data signal, a ?rst bias electrode provided for 
the ?rst Mach-Zehnder type optical Waveguide for applying 
a bias voltage, a second bias electrode provided for the 
second Mach-Zehnder type optical Waveguide for applying 
the bias voltage, a ?rst monitoring photo-detector for detect 
ing the intensity of light outputted from the Mach-Zehnder 
type optical Waveguide, and a second monitoring photo 
detector for detecting the intensity of light outputted from 
the second Mach-Zehnder type optical Waveguide. 

Preferably, the optical modulator further comprises a 3 dB 
coupler provided on the output side of the ?rst or second 
Mach-Zehnder type optical Waveguide, a monitoring optical 
Waveguide for guiding light branched by the 3 dB coupler 
from Within the light outputted from the ?rst or second 
Mach-Zehnder optical Waveguide as monitor light to the ?rst 
or second monitoring photo-detector, and an attenuation 
section for attenuating the monitor light propagating in the 
monitoring optical Waveguide. 

According to a further aspect of the present invention, 
there is provided an optical Waveguide device, comprising a 
substrate having an electro-optical effect, an optical 
Waveguide formed on the substrate, an electrode provided 
for the optical Waveguide, a monitoring optical Waveguide 
for guiding part of light outputted from the optical 
Waveguide as monitor light, an attenuation section provided 
for the monitoring optical Waveguide for attenuating the 
monitor light, and a light detection section for detecting the 
intensity of the monitor light guided by the monitoring 
optical Waveguide and attenuated by the attenuation section. 

Preferably, the optical Waveguide is a Mach-Zehnder type 
optical Waveguide, and the optical Waveguide device further 
comprises a 3 dB coupler provided on the output side of the 
Mach-Zehnder optical Waveguide. 

Preferably, the attenuation section is formed from a 
curved Waveguide having a reduced radius of curvature and 
composing the monitoring optical Waveguide. 
As an alternative, the attenuation section may be formed 

from tWo or more branch portions Which compose the 
monitoring optical Waveguide. 
As another alternative, the attenuation section may be 

formed from a l:N coupler Which composes the monitoring 
optical Waveguide. 
As a further alternative, the attenuation section may be 

formed from a beam expansion section provided in the 
proximity of an end of the monitoring optical Waveguide. 

Preferably, a beam expansion section is provided in the 
proximity of an end of the monitoring optical Waveguide. 

Preferably, the beam expansion section is formed by 
providing the end of the monitoring optical Waveguide at a 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
position spaced by a predetermined distance from an end 
face or a side face of the substrate. 

Alternatively, the beam expansion section may be formed 
by branching the end of the monitoring optical Waveguide 
into tWo branches. 

According to a still further aspect of the present invention, 
there is provided an optical Waveguide device, comprising a 
substrate having an electro-optical effect, a plurality of 
Mach-Zehnder type or directional coupler type optical 
Waveguides formed in series on the substrate, a plurality of 
electrodes provided independently of each other and indi 
vidually for the plurality of optical Waveguides, a plurality 
of light detection sections for detecting the intensity of light 
emitted from the plurality of optical Waveguides indepen 
dently of each other, and a bias control section for control 
ling, based on the intensity of the light detected by one of the 
plurality of light detection section, a bias voltage to be 
applied to one of the electrodes provided for that one of the 
optical Waveguides Which corresponds to the one light 
detection section. 

With the optical Waveguide devices and the optical modu 
lators, since monitor light is extracted through the monitor 
ing optical Waveguide, the monitor light can be detected 
accurately and reliably. Further, since the attenuation section 
is provided for the monitoring optical Waveguide such that 
the monitor light attenuated by the attenuation section is 
detected by the light detection section, there is advantages 
that the degree of freedom in selection of a part Which can 
be adopted for the light detection section is increased and 
that monitor light of an intensity suitable for bias control can 
be obtained. 

Further, With optical Waveguide devices and the optical 
modulators, Where the optical modulator includes a plurality 
of Mach-Zehnder type or directional coupler type optical 
Waveguides, the light detection sections provided individu 
ally for the optical Waveguides detect monitor light inde 
pendently of each other, and bias control is performed based 
on the detected monitor lights. Consequently, there is an 
advantage that the bias control can be performed readily and 
accurately. 
The above and other objects, features and advantages of 

the present invention Will become apparent from the fol 
loWing description and the appended claims, taken in con 
junction With the accompanying draWings in Which like 
parts or elements are denoted by like reference characters. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic vieW shoWing a general con?gura 
tion of an optical modulator as an optical Waveguide device 
according to a ?rst embodiment of the present invention; 

FIGS. 2 to 9 are enlarged vieWs schematically shoWing 
different examples of a con?guration of an attenuation 
section provided in the optical modulator as the optical 
Waveguide device according to the ?rst embodiment of the 
present invention; 

FIG. 10 is a diagrammatic vieW illustrating light outputs 
of signal light and monitor light of the optical modulator as 
the optical Waveguide device according to the ?rst embodi 
ment of the present invention; 

FIG. 11 is a schematic vieW shoWing a general con?gu 
ration of an RZ optical modulator as an optical Waveguide 
device according to a second embodiment of the present 
invention; 

FIG. 12 is a schematic vieW shoWing a general con?gu 
ration of an RZ optical modulator as an optical Waveguide 
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device according to a ?rst modi?cation to the second 
embodiment of the present invention; 

FIG. 13 is a schematic vieW showing a general con?gu 
ration of an RZ optical modulator as an optical Waveguide 
device according to a second modi?cation to the second 
embodiment of the present invention; 

FIGS. 14(A) and 14(B) are schematic vieWs shoWing a 
general con?guration of an RZ optical modulator as an 
optical Waveguide device according to a third modi?cation 
to the second embodiment of the present invention; 

FIG. 15 is a schematic vieW shoWing a general con?gu 
ration of an RZ optical modulator as an optical Waveguide 
device according to a fourth modi?cation to the second 
embodiment of the present invention; 

FIG. 16 is a schematic vieW shoWing a general con?gu 
ration of an RZ optical modulator as an optical Waveguide 
device according to a ?fth modi?cation to the second 
embodiment of the present invention; 

FIG. 17 is a schematic vieW shoWing a general con?gu 
ration of an RZ optical modulator as an optical Waveguide 
device according to a different modi?cation to the second 
embodiment of the present invention; 

FIG. 18 is a schematic vieW illustrating a method Wherein 
monitor light used for the bias control is extracted using a 
monitoring optical Waveguide; 

FIG. 19 is a diagrammatic vieW illustrating a subject When 
the monitor light is extracted using the monitoring optical 
Waveguide and illustrating light outputs of signal light and 
monitor light; and 

FIGS. 20(A) and 20(B) are schematic vieWs illustrating 
bias control in an RZ optical modulator. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the following, embodiments of the present invention 
are described With reference to the draWings. 

Description of the First Embodiment 

First, an optical Waveguide device according to a ?rst 
embodiment of the present-invention is described With ref 
erence to FIGS. 1 to 10. 

An optical modulator con?gured by applying the optical 
Waveguide device of the present invention is described 
beloW With reference to FIG. 1. 

The present optical modulator is a Mach-Zehnder type 
optical modulator (MZ type LN optical modulator) in Which 
lithium niobate (LiNbO3; LN) is used. Such an optical 
modulator as just described is provided, for example, in an 
optical transmitter. 

In particular, as shoWn in FIG. 1, the MZ type LN optical 
modulator 1 is con?gured such that an optical Waveguide 3 
including a Mach-Zehnder interferometer type (Mach-Ze 
hnder type) optical Waveguide (MZ type optical Waveguide) 
3A is formed on a lithium niobate crystal substrate (LN 
substrate) 2 formed by cutting out lithium niobate crystal in 
the Z-axis direction of the crystal orientation, and a main 
electrode 4 for inputting a data signal (main signal) and a 
bias electrode 5 for applying a bias voltage are formed in the 
proximity of the MZ type optical Waveguide 3A. 

It is to be noted here that, While lithium niobate crystal is 
used for the substrate 2, any material having an electro 
optical effect can be used, and for example, some other 
ferroelectric crystal such as lithium tantalate (LiTaO3; LT) 
crystal may be used. 
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6 
The MZ type LN optical modulator 1 in Which a substrate 

having an electro-optical effect, for example, a LiNbO3 
crystal substrate, a LiTaO3 crystal substrate or the like is 
used is formed such that a metal ?lm is formed at part of the 
substrate formed from, for example, LiNbO3 crystal, LiTaO3 
crystal or the like and is thermally di?fused into the substrate 
to form an optical Waveguide, or the metal ?lm is patterned 
and proton exchange is performed in benZoic acid to form an 
optical Waveguide, Whereafter electrodes are formed in the 
proximity of the optical Waveguide. 

In particular, Where, for example, LiNbO3 crystal is used 
for the substrate, a titanium ?lm (Ti ?lm) is patterned on the 
substrate so as to have a desired shape of the optical 
Waveguide and then heated for 7 to 10 hours at 1,050° C. to 
thermally diffuse into the substrate to form the optical 
Waveguide. 

In the present embodiment, as shoWn in FIG. 1, the optical 
Waveguide 3 is formed such that an input side optical 
waveguide 311 is branched through a Y-branch optical 
Waveguide (branch Waveguide) 3b and-coupled to tWo par 
allel linear optical Waveguides 3c and 3d, and the linear 
optical Waveguides 3c and 3d are coupled to an output side 
optical Waveguide 3e and a monitoring optical Waveguide 3f 
through a 3 dB coupler (Waveguide type coupler) 6. It is to 
be noted that the MZ type optical Waveguide 3A is formed 
from the Y-branch optical Waveguide 3b, linear optical 
Waveguides 3c and 3d and 3 dB coupler 6. 

The 3 dB coupler 6 is formed as a Waveguide type optical 
coupler (Waveguide type coupler). As the 3 dB coupler 6, for 
example, a symmetrical coupler is used, and generally, a 
directional coupling type coupler (3 dB directional coupler) 
of the Waveguide type is used. Preferably, a crossover 
Waveguide type coupler having a loW Wavelength depen 
dence and a high yield (3 dB crossover Waveguide type 
coupler) is used. 

In this Way, the optical modulator 1 according to present 
embodiment has a structure Wherein one MZ type LN 
optical modulator 3A and one 3 dB coupler 6 are integrated 
as a unitary member in one chip. 

Further, as shoWn in FIG. 1, the main electrode 4 includes 
a signal electrode 411 provided in a partly overlapping 
relationship With the linear optical waveguide 30 Which 
forms the MZ type optical Waveguide 3A and a ground 
electrode 4b provided in a partly overlapping relationship 
With the other linear optical Waveguide 3d Which forms the 
MZ type optical Waveguide 3A. A data signal supplying 
section (signal supplying section) 7 for -supplying a data 
signal (main signal) is connected to the signal electrode 411 
Which forms the main electrode 4. 
The data signal is supplied from the data signal supplying 

section 7 to the main electrode 4 to apply a voltage (data 
signal voltage) corresponding to the data signal to the linear 
optical Waveguides 3c and 3d, and as a result, an electric 
?eld is generated on the linear optical Waveguides 3c and 3d 
to vary the refractivity of them. Consequently, a phase 
difference is produced betWeen lights Which propagate in the 
linear optical Waveguides 3c and 3d, and the lights having 
the phase difference are multiplexed With each other by the 
3 dB coupler 6 so that they interfere With each other. 
Consequently, output light (a modulation signal) modulated 
in accordance With the data signal is outputted through the 
output side optical Waveguide 3e. 

It is to be noted that, in the present embodiment, as shoWn 
in FIG. 1, one end (output side end, terminal end) of the 
signal electrode 411 and one end (output side end, terminal 
end) of the ground electrode 4b are connected to each other 
using a resistor (terminator) to form a travelling Wave 


























